In this study, effect of sugars (sucrose and trehalose) and their amount on the volatile profile of sour cherry puree was evaluated. Results were compared to sour cherry puree without addition of sugars. Volatiles amount depended on type and amount of sugar. This indicated that the sugars showed an effect on flavour profile. Volatiles with the ethereal, alcoholic flavour note were present in the highest amount in the puree while with the addition of sugars, amount of those volatiles was lower. Sweet, floral volatiles were determined in higher amount when sugars were added in comparison to puree. Addition of sucrose did not have significant impact on the volatiles with sweet flavour note, while with addition of trehalose lower amount of those compounds were determined than in puree. Sweet, fruity and fresh, green volatiles were determined in higher amount in samples with the addition of sugars, especially when trehalose was added. Addition of sugar did not have impact on pungent volatiles.
Introduction
Sour cherries, rich sources of phenolics and anthocyanins [1] [2] [3] are well known for their specific flavour. The flavour of sour cherry (Prunus cerasus) is composed of a great number of organic components, including carbonyls, alcohols, esters, acids and terpenes. Benzaldehyde is a characterimpact compound, but other compounds, like benzyl alcohol, 2-phenyl ethyl alcohol, eugenol, 2-hexenal, α-ionone and β-ionone, have very important role in formation of sour cherry flavour. [4] [5] [6] Chemical composition, macro-and micro-structure of foods and particle size are known to influence volatiles and non-volatiles. [7] Fragility and high post-harvest respiration rate of fruits results in nutritional and microbiological deterioration and limited shelf-life, as well as loss of quality and health benefits. To minimise those negative effects, fruits are converted into different products (like frozen, dried, and canned products) or processed into jams, jellies, and juices for longer storage to satisfy various markets and consumer demands. It is important that fruit properties are transferred from raw material to product. Flavour of fruits and fruit products is the result of the mixture of different volatile compounds. The equilibrium between the different volatile compounds and their concentrations are responsible for overall flavour profile of fruits and their products. [8] The stability of the volatile compounds in the products during preparation as well as during storage are of increasing interest to the food industry. The retention and the stability of the products flavour are in the strong relationship with the consumer's acceptability of the products, and it is necessary to control it. In order to retain as much as possible of volatile compounds especially the most typical ones for the selected fruit, the huge efforts are made during the fruit product formulation. Sugars are very often used in the foods formulation for the preservation but also in order to achieve desired properties.
In this study, sucrose and alternatively trehalose, two sugars that are chemical isomers, were used. Sucrose is commonly used sugar in the fruit product formulation. Application of trehalose in fruit product formulation is getting more and more attention due to its positive effect on the products quality. [9] [10] [11] [12] [13] [14] [15] [16] In addition, some health benefits were related to the trehalose. Studies showed a substantially reduced cariogenic potential [17] compared with sucrose and therefore can be used in the formulation of 'kind to teeth' and 'tooth-friendly' products but without the laxative effects of other low-cariogenic bulk sweeteners and those products are especially beneficial for children. Recent study showed that trehalose is digested more slowly, and thus has a lower glycemic index, with a lower insulin release than sucrose. [18] Also, trehalose inhibits lipid and protein misfolding and has become subject in studies on neurodegenerative diseases characterised by protein misfolding and aggregate pathology like Alzheimer's, Parkinson's and Huntington's disease, and occulopharyngeal muscular dystrophy. [19] The aim of this study was to evaluate influence of sucrose and trehalose in different amount on volatile profile of sour cherry puree.
Materials and methods

Materials
Sour cherries were obtained from a local market. Benzaldehyde-d6 were purchased from SigmaAldrich (Germany). Sucrose was obtained from Kemika (Croatia) and trehalose were obtained from Hayashibara, Nagase group (Japan).
Preparation of sour cherry puree
Prior to disintegration (Braun Multiquick Professional 600 Watt Turbo), sour cherries were washed and the pits were removed. After disintegration of fruits, sugars (sucrose or trehalose) in different amounts (5 or 10 g/100 g) were added and the mixtures were well homogenised. Prepared samples were left for 5 days for stabilizstion prior to evaluation of volatile compounds by gas spectrometry.
SPME extraction
In glass vial, 8 g of sample was weighted, followed by 2.5 mL of saturated solution of CaCl 2 and 40 µL of benzaldehyde-d6 solution (22.92 µg/100 mL) as internal standard. The extraction of volatiles was carried out using a solid-phase microextraction (SPME) fiber coated with divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) sorbent (1 cm long, 50/30 µm thickness, StableFlex™, Supelco, USA). [20] The sample vials were conditioned in a temperature-controlled heating module at 40°C for 45 min and agitated at 350 rpm. After extraction, the fiber was removed from the sample and the volatiles were thermally desorbed in the injector port of the GC.
Gas chromatography/mass spectrometry (GC/MS) analysis
Analysis was carried out on a GC 7890A gas chromatograph (Agilent Technologies, CA, USA) equipped with a MPS2 Multipurpose autosampler (Gerstel GmbH, Mülheim van der Ruhr, Germany) and 5975C mass spectrometer (Agilent Technologies). Volatile compounds were desorbed into a GC injector port at 250°C in splitless mode for 2 min. The gas chromatograph was fitted with a ZB-WAX capillary column, 60 m × 0.32 mm i.d. with 1 μm film thickness. Helium was the carrier gas at a flow rate of 1.2 mL/min at 40°C. Oven temperature was programmed as follows: initial temperature 40°C held for 5 min, then 4°C/min to 230°C. The volatile compounds were identified with a mass selective detector (5975C, Agilent Technologies, CA, USA). The detector operated in the m/z range between 30 and 250, ion source and quadrupole temperature were maintained at 250 and 150°C, respectively. Identification of compounds was performed by comparison of their mass spectra with those of available commercial standards. All compounds were also confirmed by matching of their mass spectra with NIST 2.0 mass spectral database (National Institute of Standards and Technology, USA). Results were expressed as μg of volatile per 100 g of sour cherry puree (μg/100 g).
Statistical analysis
Results were expressed as the mean values of five repetitions ± standard deviation. Data of the volatile compounds amount were analysed by analysis of variance (ANOVA) and Fisher's least significant difference (LSD) with the significance defined at P < 0.05. All statistical analyses were carried out using software program STATISTICA 7 (StatSoft, Inc, USA).
Results and discussion
Results of evaluation of volatile compounds amount in sour cherry purees without and with addition of sugars are presented in Table 1 . Comparison of influence of sugars on key volatile compounds (benzyldehyde, benzyl alcohol, phenyl ethyl alcohol, 2-hexenal, α-ionone, β-ionone and eugenol) is given in Figure 1 . Twelve alcohols were determined in the samples. Control sample had 52. 6 μg/100 g of 1-propanol. Addition of 5% of sucrose had no effect on this volatile, while with addition of 5% of trehalose and 10% of both sugars lower amount was determined. The lowest amount of this volatile was determined when 10% of sucrose was added. With increase of sugar amount decrease of 1-propanol amount occurred. Similar tendency was also observed with 2-methyl-1-propanol, only in this case the lowest amount was determined with addition of trehalose (241.6 μg/100 g and 239.5 μg/100 g for 5% and 10% of trehalose addition, Table 1 . Volatile compounds amount (μg/100 g) in sour cherry puree with addition of sucrose and trehalose. In the case of 2-methyl-3-buten-1-ol only sample with the addition of 10% of trehalose had the same amount of this volatile while all other samples had much lower amount. On the amount of 1-pentanol and 1-penten-3-ol there was no effect of added sugars. Addition of sugars had positive effect on 2-heptanol, with trehalose having higher impact. Control sample had 5.33 μg/100 g of 2-heptanol, samples with sucrose addition 6.5 μg/100 g and samples with trehalose addition 7.5 μg/100 g. the same tendency was observed for 1-hexanol. Control sample had 8.518 μg/100 g of 1-hexanol, samples with sucrose addition 9.6 μg/100 g and samples with trehalose addition 10.5 μg/100 g. Sugars addition had positive effect on 1-octanol. With increase of sugar amount, amount of this volatile increased but there was no difference between sucrose and trehalose effect. 2-phenyl ethyl alcohol was determined in amount of 28.61 μg/100 g in the puree while in samples with addition of sugars higher amount was determined. Addition of 5% of sugars caused increase of 2-phenyl ethyl alcohol, around 34 μg/100 g, while with addition of 10% of sucrose lower amount was evaluated (30.77 μg/100 g) and there was no difference in sample with trehalose addition. In puree, benzyl alcohol was determined in amount of 45.43 μg/100 g. Trehalose addition had positive effect on benzyl alcohol, with 5 and 10% of trehalose higher amount was evaluated, 48.84 μg/100 g and 50.42 μg/100 g, respectively in comparison to control sample. 5% of sucrose had no effect on benzyl alcohol while in sample with 10% lower amount (42.38 μg/100 g) was determined in comparison to control sample. From ester group, five volatiles were determined. Hexyl acetate was determined in control sample in amount of 0.172 μg/100 g, while with addition of sugars higher amount was determine (0.26 μg/ 100 g) with no difference between sugars and their amount. Another acetate ester that was determined was 1-butanol-3-methyl-acetate. In control sample, its amount was 1.056 μg/100 g, while with sugar addition higher amount was determined. In this case, higher amount was determined with lower sugar amount, but there was no difference between sugars. Three derivates of butanoate esters were determined. 2-methyl butanoate was the same in control sample and samples with trehalose addition, around 8 μg/100 g, while in samples with sucrose addition higher amount was determined, 8.7 μg/100 g. 2-methyl-buthyl butanoate, was determined in lowest amount in control sample, 0.049 μg/100 g. In samples with sugar addition, higher amount was determined but amount of sugar had no effect on the amount of volatile. Samples with addition of trehalose had the highest amount of 2-methyl-buthyl butanoate, 0.120 μg/100 g. On contrary, 3-methyl-buthyl butanoate, was determined in the highest amount in control sample, 0.565 μg/100 g. in the samples with sugar addition much lower amount was determined, 0.13 μg/100 g and 0.06 μg/100 g for sucrose and trehalose addition, respectively. Amount of benzaldehyde in the puree was 19.42 μg/100 g. In the samples with sugars addition, higher amount of this volatile was determined. Sugar amount had no effect on amount of benzaldehyde. In samples with sucrose addition amount of benzaldehyde was 24.8 μg/100 g while in samples with trehalose addition higher amount was determined, 27.4 μg/100 g. In the control sample, 2-hexenal was determined in amount of 0.053 μg/100 g. Both sugars had positive effect on 2-hexenal, but there was no difference between used amounts of sugars. In samples with trehalose addition lower amount of 2-hexenal was determined (around 0.08 μg/100 g) than in sample with sucrose addition (0.115 μg/100 g). β-cyclocitral, in control sample was determined in amount of 0.709 μg/ 100 g. in all samples with sugar addition higher amount of this volatile was determined, around 1 μg/ 100 g. Amount of o-cymene in puree was 1.288 μg/100 g while samples with sugars addition had higher amount than control sample. With addition of 5% of sugars, higher amount was determined when trehalose was added, 2.835 μg/100 g, while addition of 10% of sugars did not cause difference in amount of this volatile. In the case of sucrose addition with increase of its amount higher retention was observed, while in the case of trehalose reverse effect was obtained. α-ionone was determined in amount of 2.27 μg/100 g in control sample. With addition of sugars positive effect was observed with trehalose having higher positive influence (3.44 μg/100 g and 3.70 μg/100 g for 5 and 10% of trehalose addition). In both cases with increase of sugars amount, higher amount of α-ionone was determined. Similar results were obtained for β-ionone. In control sample β-ionone was determined in amount of 3.01 μg/100 g while with addition of sugars positive effect was observed. Trehalose had higher positive influence (4.31 μg/100 g and 4.76 μg/100 g for 5 and 10% of trehalose addition) than sucrose (3.69 μg/100 g and 4.00 μg/100 g for 5 and 10% of sucrose addition). Eugenol in control sample was determined in amount of 1.119 μg/100 g. Addition of sugars caused increase of this volatile compound. With addition of 5% of sugars, higher amount was determined when trehalose was added (1.448 μg/100 g) while with addition of 10% of sugars difference between sucrose and trehalose was not observed (1.5 μg/100 g).
Control sample had 0.093 μg/100 g of 2-decanone, while addition of sugars caused increase of amount of this volatile. Samples with addition of sugars had lower amount (from 12.12 μg/100 g to 14.56 μg/100 g) of acetoin than control sample (17.10 μg/100 g). Comparing sucrose and trehalose, lower amount was determined when trehalose was added.
In control sample diacetyl was determined in 6.52 μg/100 g. Addition of 5% of sucrose had no effect on diacetyl, while with addition of 5% of trehalose (6.0 μg/100 g) and 10% of sucrose and trehalose lower amount (5.91 μg/100 g and 5.70 μg/100 g, respectively) was determined. In samples with addition of sugars, geranic oxide was determined in higher amount than in the control sample (1.459 μg/100 g). Especially high amount was determined in samples with trehalose addition (around 5.6 μg/100 g). In the case of sucrose, with increase of amount of added sugar increase in amount of this volatile occurred (2.740 μg/100 g and 4.275 μg/100 g for 5 and 10% of sucrose addition).
Type of sugar as well as their amount had influence on volatile compounds ( Figure 2 ) and flavour profile, as well as on specific flavour note (Figure 3 ). Volatiles determined in the sour cherry puree samples can be divided according the flavour note into six groups: etherial, alcoholic; sweet, floral; sweet; sweet, fruity; fresh, green and pungent. Volatiles with the ethereal, alcoholic flavour note are present in the highest amount in the puree. With the addition of sugars, amount of those volatiles decreased, especially with addition of 5 g/100 g of trehalose and 10 g/100 g of both sugars (20%). Sweet, floral volatiles were determined in the samples with sucrose addition in higher amount (from 5 to 10%), and in trehalose samples around 17% in comparison to the puree. Addition of sucrose didn't have significant impact on the volatiles with sweet flavour note, while with addition of trehalose lower amount of those compounds were determined (around 13%) than in control sample. Sweet, fruity volatiles were determined in higher amount in samples with the addition of sugars. With addition of sucrose, their amount was higher for 18% and with addition of trehalose for 25%. Fresh, green volatiles were also determined in higher amount when sugars were added. With addition of sucrose, their amount was higher for 19% and with addition of trehalose for 30%. Addition of sugar didn't have impact on pungent volatiles.
Effect of sugars addition on volatile compounds in different fruit products was investigated through several studies. Generally, positive trehalose effect on volatiles was observed for different dehydrates puree samples like strawberry, apricot and pear. [10] [11] [12] Zlatić et al. [16] reported that type of sugar and their amount had influence on key volatiles in freeze-dried sour cherry puree. They investigated influence of sucrose, maltose and trehalose addition (5, 10 or 20 g/100 g) on benzaldehyde, benzyl alcohol and 2-hexenal. The highest amount of benzaldehyde and 2-hexenal was determined in samples with trehalose addition. However, sugars addition didn't have positive effect on the benzyl alcohol. Authors concluded that among investigated disaccharides, samples with addition of sucrose had the lowest amount of examined volatile compounds. Positive influence of sugars, especially trehalose addition on benzaldehyde and 2-hexenal was also observed in freeze-dried strawberry puree and apricot puree. [10, 11] In the study of Galmarini et al. [9] , who investigated volatiles of freeze-dried strawberry puree, majority of volatiles were determined in higher amount when trehalose was added (30%). They also, reported that there were some exceptions and some volatiles, such as nerodilol, octyl butyrate, γ-dodecalactone, were determined in higher amount in the samples with the sucrose addition. [9] Strawberry cream fillings with the trehalose addition had higher amount of fruity esters, however its positive influence was not reported for γ-decalactone and furaneol. [13, 14] Also, the same group reported that with increase of the trehalose addition proportional increase of the amount of fruity esters wasn't observed, as it was the case with results reported in this study and study of Zlatić et al.. [16] Water has a very specific and important role as a solvent and a reactant in many chemical reactions in foods. When water activity is high, reactions limited by diffusion are enhanced. Those reactions together with enzymatic activity, oxidation, and molecular mobility, which are all consequence of more available water, are cause of degradation of sensitive compounds. [21] Investigated sugars, sucrose and trehalose, are chemical isomers but as it is evident from results of volatiles, their behavior in complex matrix can be different. Even if these sugars are chemical isomers they are showing different behavior in much simpler media like water. Sugar molecules change water dynamics. Trehalose has superior effect on "destructing" the network of water and in this way on slowing down its dynamics. [22] This change of water dynamics could have great effect on volatile compounds. Determination of hydration number revealed that trehalose binds to a larger number of water molecules in comparison to sucrose and consequence of this behavior is that trehalose affects water structure in higher extent. Cluster analyses showed that investigated disaccharides have different tendency to form clusters and trehalose is able to form larger clusters than sucrose. Based on hydration number, the radius of gyration, the glycosidic dihedral angles and cluster formation, Lerbret at al. [23] suggested that trehalose-water mixtures would be more homogeneous than the sucrose water solutions. Studies showed that fruit volatiles retention due to addition of sugars depends on physical and chemical properties of sugars and volatile flavour compound, and steric and other characteristics, which are connected to different diffusion and sorption ability inside the microstructure of fruit product matrix. Sugars have different diffusion coefficients in the water, but they also change diffusion coefficient of water [24] thus they are probably responsible for change of diffusion coefficient of volatile compounds and in this way on their retention in fruit product matrix. In addition, trehalose can form a stable intramolecular complex with unsaturated compounds that possess the cis-type olefinic double bond. [25, 26] Other compounds with similar structure like benzene and p-cresol can bind to trehalose in aqueous solutions but not with other disaccharides. [27] These phenomena could be responsible for stabilising effect of trehalose on volatiles that are having similar structure since it is possible that aromatic ring of volatiles approaches to the dehydrated, hydrophobic pocket of trehalose forming the complex. [27] Change of water dynamics and diffusion of volatiles as well as formation of weak complexes between sugars and volatiles could be the reason for retention of volatiles due to addition of sugars, especially trehalose.
Conclusion
Sour cherry purees were prepared with addition of different amounts of sucrose and trehalose in order to evaluate their effect on volatile compounds. Type of sugar and its amount had an effect on sour cherry puree volatiles. Compering trehalose and sucrose, trehalose had higher positive effect on the key volatile compounds of sour cherries and all together on volatiles with desired flavour note. Both investigated sugars are chemical isomers but probably their structure and behavior influenced water dynamics in different way causing higher impact of trehalose on volatiles.
